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ABSTRACT 
Currently, industrial world is evolving at a rapid speed, where the demands of bio-
fiber are increasing. The consumptions and needs for bio-fibers are growing at an 
exponential growth. Hence, this study focuses on the design and development of a 
machine for extracting pineapple leaves fiber to meet the current demand besides 
saving the environment. The machine is called Pineapple Leaf Fiber Machine 1 (PALF 
M1).  The thesis explains gathering reviews and information about such similar design 
through patent search, journals, magazines and other information sources. Designs 
processes were constructed in ways through task clarification, conceptual design, 
embodiment design and finally detail design. Technical drawing of the machine’s 
designs and a complete simulation analysis were made by using the SolidWork 2013 
software. The blueprint technical drawings were sent to fabricator for fabrication. The 
machine was evaluated for functional and real tests. The results obtained from the tests 
were really encouraging and impressive. The machine capable of surpassing human 
labour up to 5 people, and the production rate estimated up to million pieces of 
pineapple leaves annually. Through machine experiments and analysis, Josapine leaf, 
which has many advantageous attributes and strength shows great promises to be used 
for extraction process compared to Moris leaf. Based on the results and finding, PALF 
M1 definitely is the future for fiber extraction and can be improved for other bio-fiber 
extraction. 
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ABSTRAK 
Pada masa ini, dunia industri sedang berkembang pada kelajuan pesat, di mana 
permintaan bio-fiber semakin meningkat. Penggunaan dan keperluan untuk bio-fiber 
yang semakin meningkat pada kadar pertumbuhan eksponen. Oleh itu, kajian ini 
memberi tumpuan kepada reka bentuk dan pembangunan mesin untuk menghasilkan 
fiber daun nanas untuk memenuhi permintaan semasa, selain menyelamatkan alam 
sekitar. Mesin ini dinamakan Pineapple Leaf Fiber Machine 1 (PALF M1). Tesis ini  
menjelaskan proses mengumpul maklumat mengenai reka bentuk yang serupa melalui 
carian paten, jurnal, majalah dan sumber maklumat lain. Reka bentuk proses ini telah 
dibina dengan cara mengklarifikasikan objektif rekaan, konsep rekaan, penjelmaan 
rekaan dan kebutiran rekaan. Lukisan teknikal reka bentuk mesin dan analisis simulasi 
yang lengkap telah dibuat dengan menggunakan perisian SolidWork 2013. Lukisan 
teknikal pelan tindakan telah dihantar ke bengkel pembuatan untuk fabrikasi. Mesin 
ini telah dinilai untuk ujian melihatkan fungsi mesin dibawah keadaan sebenar. 
Keputusan yang diperolehi daripada ujian amat menggalakkan dan menarik. Mesin ini 
mampu mengatasi hasil penggunaan pekerja manusia sehingga 5 orang, dan kadar 
pengeluaran dianggarkan sehingga lebih sejuta helai daun nanas setiap tahun. Melalui 
eksperimen terhadap mesin dan analisis yang lebih lanjut, daun Josapine, mempunyai 
banyak sifat-sifat yang berfaedah dan kekuatan yang tinggi membuktikan manfaat dan 
kelebihan yang boleh terus digunakan untuk proses pengekstrakan berbanding daun 
Moris. Oleh itu, berdasarkan keputusan ujian dan simulasi, PALF M1 adalah 
merupakan masa depan untuk pengeluaran serat daun nanas dan boleh diperbaiki untuk 
pengeluaran bio-serat lain. 
 
ix 
 
TABLE OF CONTENT 
TITLE iii 
DECLARATION iv 
DEDICATION v 
ACKNOWLEDGEMENT vi 
ABSTRACT vii 
ABSTRAK viii 
TABLE OF CONTENT ix 
LIST OF TABLES xiii 
LIST OF FIGURES xiv 
LIST OF SYMBOLS AND ABBREVIATIONS xvi 
LIST OF APPENDICES xvii 
CHAPTER 1 1 
INTRODUCTION 1 
1.1 Background 1 
1.2 Problem statement 2 
1.3 Objective of study 3 
1.4 Scope of study 4 
1.5 Outline of thesis and summary 4 
CHAPTER 2 5 
LITERATURE REVIEW 5 
2.1 Introduction 5 
2.2 Natural fibers extraction method 6 
2.3 Sisal 11 
2.3.1 Sisal semi-machine 11 
2.3.2 Automatic machine 12 
x 
 
2.4 Abaca tree 14 
2.5 Pineapple 15 
2.5.1 Pineapple fiber extraction method 16 
2.5.2 Manual method 16 
2.5.3 Mechanical method 17 
2.6 Chemical Method 20 
2.7 Hemp fiber 21 
2.7.1 Hemp processing 21 
2.7.2 Drying method 21 
2.7.3 Water retting process 22 
2.7.4 Mechanical process 23 
2.8 Extraction process improvement 24 
2.8.1 Extraction angle 25 
2.8.2 Chemical use 25 
2.8.3 Types of pineapple leaves 26 
2.9 Summary 27 
CHAPTER 3 28 
METHODOLOGY 28 
3.1 Introduction 28 
3.2 Task Clarification 31 
3.3 Conceptual design 31 
3.3.1 Patent search 32 
3.3.2 Benchmarking of design specification from commercial machine 33 
3.3.3 Research stage 33 
3.3.4 Data collection 33 
3.4 Embodiment design 35 
3.4.1 Brainstorming 35 
3.4.2 Morphological chart 37 
3.4.3 Concept selection 38 
3.5 Detail design 40 
3.6 Summary 40 
xi 
 
CHAPTER 4 41 
DESIGN AND MACHINE DEVELOPMENT 41 
4.1 Introduction 41 
4.2 Clarifying objectives 41 
4.2.1 Diagrammatic tree 42 
4.2.2 Weighting of objective tree 43 
4.2.3 Quality Function Deployment (QFD) 45 
4.2.4 Evaluation matrix – Weighted Rating Method 47 
4.3 Component analysis and selection 55 
4.3.1 Calculation for type of motor 55 
4.3.2 Shaft analysis 57 
4.3.3 Calculation for pulley 65 
4.3.4 Calculation of bearing 67 
4.3.5 Length of power transmission belting 68 
4.3.6 Failure analysis 69 
4.4 Material selection 71 
4.5 Consideration of design for X-Describe 72 
4.5.1 Design for manufacturing 73 
4.5.2 Ergonomic consideration 73 
4.6 Detail drawings 74 
4.6.1 Parts drawing 74 
4.6.2 Assembly drawing 74 
4.7 Finite Element analysis 74 
4.8 Bill of Materials (BoM) 76 
4.9 Final product design specification 77 
4.10 Summary 79 
CHAPTER 5 80 
MACHINE ANALYSIS AND VERIFICATION 80 
5.1 Introduction 80 
5.2 Machine progress 80 
5.2.1 Feeder angle 81 
xii 
 
5.2.2 Production rate 86 
5.3 Fiber analysis 88 
5.3.1 Josapine and Moris Analysis 88 
5.3.2 Treatment test 89 
5.4 Summary 93 
CHAPTER 6 94 
CONCLUSION AND RECOMMENDATION 94 
6.1 Conclusion 94 
6.2 Recommendation 95 
REFERENCES 96 
APPENDICES 100 
xiii 
 
LIST OF TABLES 
Table 2.1 : Compilation of natural fiber properties  8 
Table 2.2 : Tools in part of machine to extract fiber  10 
Table 2.3 : Semi-auto pineapple leaves machine  19 
Table 2.4 : Sisal extractor machine  20 
Table 3.1 : Morphological chart  37 
Table 4.1 : Quality Function Deployment  46 
Table 4.2 : Particular element  47 
Table 4.3 : Weighted rating method power transmission  49 
Table 4.4 : Weighted rating method main frame  50 
Table 4.5 : Weighted rating method power supply  51 
Table 4.6 : Weighted rating method motor  52 
Table 4.7 : Weighted rating method switch  53 
Table 4.8  : Weighted rating method blade shape  54 
Table 4.9 : Calculation moment for Shaft Blade A  62 
Table 4.10 : Calculation moment for Shaft Blade B  64 
Table 4.11 : Wedge belt pulleys  66 
Table 4.12 : Wedge belt pulleys  67 
Table 4.13 : Ball bearing set screw type   68 
Table 4.14 : Parameter for marin surface modification factor  69 
Table 4.15 : Size factor  70 
Table 4.16 : Loading factor  70 
Table 4.17 Reliability factor  71 
Table 4.18 : Product description  78 
Table 4.19 : Consumer : Calculation moment for Shaft Blade A  78 
Table 5.1 : Image of extracted fiber according to feeding angle  85 
Table 5.2 : Production rate for human PALF M1  87 
xiv 
 
 
LIST OF FIGURES 
Figure 2.1 : Chemical composition in natural fibers (%)  7 
Figure 2.2 : Manual machine  12 
Figure 2.3 : Leaves on conveyor  13 
Figure 2.4 : Leaves were stranded  13 
Figure 2.5 : Fiber exit from the extractor  14 
Figure 2.6 : Abaca decorticator  15 
Figure 2.7 : Process using a plate  17 
Figure 2.8 : Taking out the fiber  17 
Figure 2.9 : Decorticator machine  18 
Figure 2.10 : Pineapple leaf fiber extractor  19 
Figure 2.11 : Extractor machine  20 
Figure 2.12 : Hemp stalks left on the filed for dew-retting  22 
Figure 2.13 : Hemp stalks being placed in tank  23 
Figure 2.14 : Water retting process  24 
Figure 2.15 : Dried hemp stalks cut to 1 meter  24 
Figure 2.16 : Hemp stalks pass under a series of rollers to break  24 
Figure 2.17 :Blades for extraction process  25 
Figure 2.18 : Sodium bicarbonate  26 
Figure 2.19 : Pineapple farm in Malaysia  26 
Figure 3.1 : Design process flowchart  29 
Figure 3.2 : Brainstorming  36 
Figure 4.1 : Diagrammatic tree  43 
Figure 4.2 : Weighting of Objectives tree  44 
Figure 4.5 : Sample of leaf  55 
Figure 4.6 : Analysis shaft  58 
xv 
 
Figure 4.7 :Shaft 18 blade and Pulley A  59 
Figure 4.8 : Shaft 12 blade and Pulley B  60 
Figure 4.9 : Free body diagram Blade A  61 
Figure 4.10 : Free body diagram Blade B  64 
Figure 4.11 : Static analysis for Blade A shaft  75 
Figure 4.10 : Static analysis for Blade B shaft  76 
Figure 4.11 : Bill of material  77 
Figure 4.12 : PALF M1 fabricated  79 
Figure 5.1 : Leaves numbered and marked  81 
Figure 5.2 : Extracted leaves were dried under the sun  82 
Figure 5.3 : APTP-452 Electronic Digital Scale  82 
Figure 5.4 : Average angle’s feeding data for PALF M1  83 
Figure 5.5 : Average time taken for extraction process using PALF 
M1 for respective angles 
 84 
Figure 5.6 : Dinolite Digital Microscope  84 
Figure 5.7 : Chart for production rate between PALF M1 and 
Human Labor (per pieces) 
 87 
Figure 5.8 : Harvesting the pineapple leaves  88 
Figure 5.9 : Average weight for pineapple leaves (g)  89 
Figure 5.10 Percentage of wet fiber yield from scrapped leaf using 
PALF M1 (%) 
 91 
Figure 5.11 : Percentage of dried fiber yield from scrapped leaf 
using PALF M1 (%) 
 92 
Figure 5.12 Percentage of usable fiber yield from scrapped leaf 
using PALF M1 (%) 
 93 
Figure 6.1 Integrated system  95 
xvi 
 
LIST OF SYMBOLS AND ABBREVIATIONS 
a = acceleration 
d = depth of cut  
D = diameter 
𝐾𝑎 = surface condition modification factor 
𝐾𝑏 =size factor 
L = Length  
m = mass 
n = Number of teeth  
N =RPM 
P = power 
r = radius 
R = reaction force 
Se = endurance limit 
𝑆𝑒′ = rotary beam test endurance limit 
𝑆𝑦 = yield strength 
T = tork 
 v = velocity 
w = width  
𝑓=𝑓𝑒𝑒𝑑/𝑡𝑒𝑒𝑡 
𝑓𝑟=𝐹𝑒𝑒𝑑 𝑟𝑎𝑡𝑒  
 𝜀 = 𝑠𝑡𝑟𝑒𝑠𝑠 
 𝜎 = 𝑠𝑡𝑟𝑎𝑖𝑛 
𝜔 = 𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 
F.E.A – finite element analysis method 
PALF – pineapple leaf fiber 
QFD – quality function deployment 
xvii 
 
LIST OF APPENDICES 
APPENDIX A                   101 
APPENDIX B1                   104 
APPENDIX B2                   105 
APPENDIX B3                   107 
APPENDIX B4                    109 
APPENDIX B5                   111 
APPENDIX B6                   112 
APPENDIX B7                   113 
APPENDIX C1                   114 
APPENDIX C2                   115 
APPENDIX C3                   116 
APPENDIX C4                   117 
APPENDIX D1                   118 
APPENDIX D2                   119 
 
 
CHAPTER 1   
INTRODUCTION 
1.1 Background 
Natural fibers have become the main alternative source in the modern world industry. 
It can be applied in various ways from composite reinforcement, textile and even 
medical use (Adam & Yusof, 2015). Currently, in this ‘environmental-friendly-era’, 
natural fibers have definitely gained its place in many industries as it is biodegradable 
and most crucially, renewable. 
There are plenty of agricultural product and by-products which can be 
extracted into natural fibers, like kenaf, jute, sisal, pineapple leaf, banana stem and 
others. Pineapple leaf fiber (PALF) waste is abundantly available and can be obtained 
at lower cost since its full potential is being overlooked by the community while treated 
as waste to which usually end up in the dumpster or worse, disposal by incineration; 
defying the whole purpose of being environmental friendly (Adam & Yusof, 2013). 
Natural fiber has been used in all cultures around the world to meet the basic 
needs of clothing materials, storage, buildings, and items of daily use such as straps 
and nets (Industree, 2014). People in ancient times used some natural fibers depend on 
their local availability. Every part of the plant used is different. A fiber extracted from 
the leaves (palm, screw pine, sisal, agave), husk (coir), skin (banana, hemp, flax, jute), 
stem (banana, coconut, bamboo), and seeds (cotton). Animal fibers derived from 
various animal coats, and fiber from the cocoon insect (Peta, 2014). 
In the Philippines, pineapple fiber extracted from the leaves of the pineapple 
plant. Pineapple fiber is considered to be more delicate in texture than any of the 
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vegetables. About 60cm long, shiny white and creamy and silky, it is easy to take and 
retain the dye (Fashionliciouss, 2014). In Brazil, Florida, India and the Philippines 
have shown remarkable resistance to salt, steam and traction. Pineapple fiber has also 
been processed into paper. Pineapple fiber can be removed by hand scraping, 
decoration or drying. It is only by hand-scraping that produced quality fibers for hand 
weaving (Fashionliciouss, 2014). 
Malaysian pineapple industry concentrate on, the fruit leaves being composted 
or burned especially the throwing good potential source of fiber. Pineapple Leaf Fiber 
(PALF) from three popular cultivars (Josapine, Sarawak and Moris Elephant) were 
characterized physically and mechanically to identify the best cultivar to produce fiber 
(Adam & Yusof, 2013). 
Pineapple fiber derived from pineapple waste, which has a high lignin and cellulose 
content (Wordpress, 2013). These were used as organic waste until recently, but with 
the recent experiment proved successful in producing silk textiles such as when 
combined with polyester or silk, this fiber has a new utility. 
Separation of pineapple leaf fiber (fiber extraction) is done in two ways, 
namely by hand (manual) or with decorticator equipment (machines) (Adam & Yusof, 
2015). The most common and practical is the process of retting water and scraping or 
manually. This process is not consistent, takes time and low productivity (Banik, Nag, 
& Debnath, 2011). Besides that, it requires a lot of man power to save the quality fiber 
production (Banik et al., 2011). 
The project implemented improvement of manual to machines. The machine has 
a number of advantages such as easy to operate and safety. By using the machine, the 
fiber can produce evenly with high quality and more effective while saves time 
compared with manual. 
1.2 Problem statement 
Deforestation has become a global problem due to the need of fibrous material from 
trees to produce commercial product such as paper (Yusof, Yahya, & Adam, 2015). 
Presently, banana leaves, pineapple leaves, and palm leaves, as well as a variety of 
other fibrous tropical plant materials are thought of as agricultural wastes in the 
countries where they are produced (Yusof et al., 2015). These wastes were disposed 
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of in landfills, creating problems of landfill capacity and attraction of insects. Further, 
the wastes may be burned, thus polluting the air (Credentials, 2010). Recent research 
has been done by the use of fiber from the agricultural wastes such as pineapple leaves 
for paper-making and other uses to reduce the negative environmental impact resulted 
from deforestation and the disposal of agricultural wastes (Yusof et al., 2015). 
However, the extraction of fiber from pineapple leaves is costly and low yield. 
The conventional methods for extraction of fibrous material such as pineapple 
leaf comprise chemical and mechanical methods (Dittenber & GangaRao, 2012). The 
chemical extraction method for pineapple leaf fiber which it is extracted through 
boiling of the leaves with sodium hydroxide, followed by bleaching with hydrogen 
peroxide solution, and mixing with Styrene Acrylic Acid (SAA) pulp filler and sizing 
agents (Adam & Yusof, 2013). The major problem of this method is it requires long 
processing time for washing, treating with chemical solution, and drying (Rahman, 
2011). 
There were many machine in the industry that are being used to extract fibers, 
however these machines are costly and does not comply with the smaller industrial 
need that requires only medium range output with affordability for the farmers (Adam, 
Yusof, & Yahya, 2014). Furthermore, some of the machines damaged the extracted 
fiber, hence reducing the quality of the fiber. The price and integrity of the fibers 
become reduced (Mchenry, 1926). 
Therefore, there is a need for the small-to-medium scale industry to invent a 
modified apparatus for extracting fiber from pineapple leaves that is more economical 
and requires less power consumption. Furthermore, it is able to maintain the leaf fiber 
structure without snapping or totally damaging the fiber. 
Pineapple Leaf Fiber Machine 1 (PALF M1) has been designed and developed 
to solve these problems, since it is affordable, portable and does not damage the fibers 
that are being extracted. 
1.3 Objective of study 
The objectives of the study are: 
i. To design a machine that improves time for PALF extraction process compared 
to conventional method. 
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ii. To fabricate a machine that improves PALF extraction production compared 
to conventional method. 
iii. To evaluate and verify the designed machine for small scale industrial use. 
1.4 Scope of study 
The scope of this project covers the following: 
i. Research by numerical analysis and experimental work. 
ii. Use Solidworks software to design and analyze the machine. 
iii. Josapine and Moris are the main leaves used for the experiments 
1.5 Outline of thesis and summary 
This project involved with design, fabrication and tests of a machine to extract PALF 
from pineapple leaves. This machine was designed to be able to facilitate small scale 
pineapple industry. This machine can increase the value added of the pineapple 
industry in the production of pineapple fiber and facilitate researcher’s pineapple fiber 
for data and new production of pineapple fiber. This chapter focuses on the objectives 
and the scopes to make clear of the boundaries and limitations for this thesis. Chapter 
2 covers the literature reviews related to the topics in the thesis writing. Chapter 3 
discusses on methodology and experiments on work of the thesis. Chapter 4 discusses 
more on the calculation and design process to build the machine. While, Chapter 5 
verifies the designed and fabricated machine that fabricated through experiments on 
the machine and the output of the machine, which is PALF. Last chapter is the 
conclusion of the thesis with some recommendations for future improvement. 
 
CHAPTER 2   
LITERATURE REVIEW 
2.1 Introduction 
In order to design a machine for pineapple leaf fiber extraction, it is part of necessity 
to have a better understanding and clear view of how do extraction methods happens 
in general for variety of natural fibers (Adam & Yusof, 2015). In paced era of 
technology, material like fiber can be used to form useful products. Fiber is a hair like 
material. It is flexible and can be rotated or twist for weaving, braiding, knotting, 
knitting and other things to make the desired product (Industree, 2014). Fiber can be 
found in the natural form of plants and animals as well as in synthetic form. Man-made 
or synthetic fibers are either made up of chemicals or the processing of natural fibers 
to create new fiber structure (Humphries, 2009). 
There are many types of natural fiber available in the world that made of plants, 
animals and insects. For plant fiber, it can be found in hemp, pineapple, sisal, jute, 
coir, banana, bamboo, organic cotton, nettle and grass  (Sfiligoj Smole, Hribernik, 
Kleinschek, & Kreže, 2013). While for animals, fibers can be obtained from wool, 
mohair, cashmere, angora, yak wool, alpaca wool and camel hair. Meanwhile from 
insects, one of the most known fiber is the silk, which can be found in many places in 
the world (Humphries, 2009). 
Traditional natural fiber has been used in all cultures around the world to meet 
the basic needs of clothing materials, storage, buildings, and items of daily use such 
as straps and nets (Presentation & Cell, 2006). People in ancient times used some 
natural fibers depend on their local availability. Every part of the plant used is 
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different, depending on the plants it selves. Some fibers are extracted from the leaves 
(palm, screw pine, sisal, agave), husk (coir), skin (banana, hemp, flax, jute), stem 
(banana, coconut, bamboo), and seeds (cotton) (NCERT, 2008). 
This chapter reviews on natural fibers and methods to extract the for design 
purposes. Types of natural fibers covered in this writing include, pineapple, sisal, 
abaca and hemp. 
2.2 Natural fibers extraction method  
 Natural fibers can be obtained around the world and will naturally differ from one 
another in terms of their properties(Sfiligoj Smole et al., 2013). Even for the same 
natural fibers, the properties could be different among researchers by the testing 
methods and sample with different moisture conditions (Naik, Swamy, & Naik, 2014).   
Figure 2.1 shows the percentage of chemical composition in natural fibers. 
Correspondingly, the properties from Figure 2.1 shows that what most natural fibers 
share in common are the three key chemical elements- lignin, cellulose and 
hemicellulose. The lignin function is to be a shielding to barricade hemicellulose while 
providing energy as surplus (Dittenber & GangaRao, 2012). Whereas the cross linking 
molecules between the cellulose and hemicellulose will take shape as the fundamental 
element.  
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Figure 2.1 : Chemical composition in natural fibers (%) (Adam & Yusof, 2013) 
 
Nevertheless, PALF shows the astounding absence of hemicellulose which is 
an intriguing fact, since the rest of the natural fiber has it, including the natural fibers 
that have the same outer appearance like Sisal, (64-80) % and Kenaf, (38-48) % 
(Dittenber & GangaRao, 2012). Although, the research regarding hemicellulose’s 
absence in PALF as in how it would affect the fiber or extraction process is yet to be 
found. In spite of this, most of the applications for hemicellulose are found to decrease 
the Voluntary Feed Intake (VFI) for farm animals (Dittenber & GangaRao, 2012). 
Higher content of hemicelluloses causes higher moisture absorption and 
biodegradation. Hence, it influences the degree of crystallinity, crystalline orientation, 
tensile strength, swelling behaviour, and porosity of fibers. Higher moisture absorption 
increases the ease of microbial attack or in simpler form, biodegradation  (Azwa, 
Yousif, Manalo, & Karunasena, 2013).  
Table 2.1 shows compilation of various types of natural fibers properties 
including PALF to display dissemblance and boon for each fiber accordingly. From 
Figure 2.1, PALF can be deemed as fortunate to be missing the hemicellulose since it 
increases the tensile strength as indicated in Table 2.1. of the fiber whilst maintaining 
a longer lifespan (Adam & Yusof, 2013). Table 2.1 proves that PALF has the highest 
range of tensile strength which will make extracted PALF more durable and 
indubitably add up to its strength. On the other hand, PALF has the highest number 
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for moisture content, which will be less abrasive and do less harm to the machinery 
(Dittenber & GangaRao, 2012). This will also, holds up the time for PALF to dry, 
which will increase the lifespan of the leaf while waiting to be extracted (Cary, 1960). 
 
Table 2.1: Compilation of Natural Fiber Properties (Adam & Yusof, 2013) 
Fiber Type 
Density 
(g/𝑐𝑚3) 
Length 
(mm) 
Tensile 
Strength 
(MPa) 
Tensile 
Modulus 
(GPa) 
Specific 
Modulus 
(aprox) 
Elongation 
(%) 
Albaca 1.5 - 400-980 6.2-20 9 1.0-10 
Alfa 0.89 - 35 22 25 5.8 
Bagasse 1.25 10-300 10-34 17-27.1 18 1.1 
Bamboo 0.6-1.1 1.5-4 25-40 11-32 25 2.5-3.7 
Banana 1.35 300-900 12-30 12 9 1.5-9 
Coir 1.15-1.46 20-150 10-460 2.8-6 4 15-51.4 
Cotton 1.5-1.6 10-60 10-45 5.5-12.6 6 3-10 
Curaura 1.4 35 7-10 11.8-96 39 1.3-4.9 
Flax 1.4-1.5 5-900 12-600 27.66-103 45 1.2-3.3 
Hemp 1.4-1.5 5-55 25-500 23.5-90 40 1-3.5 
Henequen 1.2 - - 10.1-16.3 11 3.7-5.9 
Isora 1.2-1.3 - - - - 
5-6 
 
Jute 1.3-1.49 1.5-120 20-200 8-78 30 1-1.8 
Kenaf 1.4 - - 14.5-53 24 1.5-2.7 
Nettle -  - 38 - 1.7 
Oil Palm 0.7-1.55 - 150-500 0.5-3.2 2 17-25 
Piassava 1.4 - - 1.07-4.59 2 7.8-21.9 
Ramie 1.0-1.55 900-1200 20-80 24.5-128 60 1.2-4.0 
Sisal 1.33-1.5 900 8-200 9.0-38 17 2.0-7.0 
PALF 0.8-1.6 900-1500 180-1627 1.44-82.5 35 1.6-14.5 
 
Meanwhile, fiber extraction machine has been found dating back as early as 1900’s, 
made by different types of inventors with various attributes for each machines (F.P 
Gardner,1939) . These attributes differentiate the methods of extracting the fiber 
according to what the inventors thought would be best for the fiber itself.  
It is known that, time is the essence in extracting the fiber as the chemical in 
the plant leaves, change continuously progressing after the stalk has been removed, 
making it harder to fully extract the fibers (J.E Cary, 1960). The reason behind this is 
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because; (J.E Cary, 1960) gummy resin or sap substances which cause adhesion 
between the pulp and the fibers tend to harden following the tick of the clock. 
Therefore, extracting the fiber from the plant is better to be done as soon as workable. 
Few patents like , Cook’s and Hayne’s have come up with brilliant idea that uses fluid 
power to rotate the crushing and grinding wheels while in the meantime, also doing 
the part to wash the fibers and the tools itself  (J.Cook, 1927, J.E Haynes, 1934). Water 
was also used to assist the removal of the impurities from below apparatus while 
guiding the partially cleaned fibers thru machines in proper sequences (J.E Haynes, 
1934.). These methods, no doubt are excellent ways to fully utilized natural resources 
whilst being environmental friendly. Some also did outstanding job in being aware of 
the environment like having drums to collect residues placed beneath the machines (J. 
Figueroa, 1925) or even using the unwanted pulp as biomass for vermicomposting 
(Banik et al., 2011).  
Other than that, the huge difference between most of the machines is the 
structure of the fiber that produced, depending on what industries or end product the 
fibers will be turned into. If according to (Naik et al., 2014), the end product of the 
extracted fibers is invested into paper company, thus explicating the end form of short 
fibers produced from his machine. Whereas, the rest of the design usually will have 
their way, going for long fibers to be turned to textile industry (McLaurin, 1948). Prior 
to this, (McCrae, 1955) has patented his machine in a way that the fiber produced from 
leaves will be in the form of tow directly without necessity of any converting or 
additional steps  like kneading to ease the next party, turning the tow into yarn (F.P 
Gardner, 1939). 
Different types of fiber extraction machines have emerged for the last century, 
assisting humans throughout the ages with variety of approach to offer. Table 2.2 was 
done to render a better look on the diversity of the tools in parts of machines used to 
extract fiber. The data was collected starting from early 1920’s up to 2012.From that, 
most extraction machine prefers to include crushing or bending as part of the extraction 
process. It’s really troubling since according to F.P Gardner, by doing crushing or 
crumpling, it doesn’t help much in extracting the fiber, instead the fiber will become 
clogged as the process proceed (Gardner, 1939a, 1939b, 1942), explaining the reason 
why he doesn’t add the crushing process in his patented machines.   
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Table 2.2: Tools in part of machines used to extract fibers (Adam et al., 2014) 
Patent / Journal 
Blade/ Edged 
Blade/ Knives/ 
Shredder 
Crusher/ Bender 
Fiber Removing Machine for Flaz, Hemp, Ramie and other 
Textile Plants (1925), (J. Figueroa, 1925) 
√ √ 
Fiber-Decorticating Machine (1926), (Mchenry, Clinton E, 
1926).   
√ √ 
Decorticating Apparatus for Treatment of Sisal and other 
Fibrous Leaves and Stalks (1927), (J.Cook, 1927)  
√ √ 
Decorticating and Defiberating Machine (1934), (J.E 
Haynes, 1934) 
√ √ 
Fiber Separating Machine (1937), (Paterson, David E., 
1937) 
√ √ 
Method of and Machine for Abstracting and Preparing 
Fibers (1939), (F.P Gardner, 1939) 
√ - 
Method and Machine for the Abstraction and Preparation 
of Fibers (1939), (F.P Gardner, 1939) 
√ - 
Decorticating Machine (1940), (F.P Gardner, 1940) √ √ 
Apparatus for Abstracting and Preparing Fibers from 
Fiber-Bearing Plants (1942), (F.P Gardner, 1942) 
√ - 
Machine for Cleaning and Separating Flax or other Fibrous 
Plants (1948), (T.G McLaurin, 1948) 
√ √ 
Apparatus for Obtaining Fibers from Plant Leaves (1955), 
(McCrae, 1955)  
√ √ 
Self-Propelled Fiber Harvesting and Decorticating 
Machine (1960),(Cary, 1960)  
√ √ 
Method for Decorticating Plant Material (1998) (Leduc, 
1998)  
- √ 
Plant Material Processing System (2000), (Leduc, 2000)  √ √ 
Plant Material Processing System (2002), (A. Stratton 
Mark, 2002) 
√ √ 
Utilization of Pineapple Leaf Agro Waste for Extraction of 
Fiber and the Residual Biomass for Vermicomposting 
(2011), (Banik et al., 2011) 
√ √ 
Extraction Device for Fiber in Plant Stems and Leaves 
(2012), (Kabir, Wang, Lau, & Cardona, 2012) 
√ √ 
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For some inventions, the need for the leaf to be crushed is crucial so that the rubbery 
waxy layer covering the leaf will break hence easing the next process to extract the 
fiber (Leduc, 1998). The process is called crushing or bending. Afterwards, the 
preferred extraction tool designs following crushing process are usually made either 
by the blade, knives or shredder (Azwa et al., 2013). These two processes are essential 
to ensure success for fiber extraction for certain designs. 
For some others, pre-crushing should be done in series of smooth rolls and the 
same time, washing the leaf with water to avoid stressing the fibers and to reduce 
damage. However, by including crushing process as part of the extraction machines, 
there is price to be paid towards the extracted fiber. Crushing process proposed for 
extraction is known not only to clog but also damaging the fiber at the same time 
(Stratton, 2002). 
Hence, to achieve a better design in fiber extraction process, it is essential to 
have a broader view on extraction method, not only for pineapple leaves, but also other 
natural fibers like sisal, abaca and hemp. 
2.3 Sisal 
Sisal fibers are produced from the sisal plant. Sisal production occupies a 6th place 
among fiber plants and represent 2% of world production with plant fibers provide 
65% of world fiber (Lock, 1963). 
Sisal tree produces about 200 to 250 leaves during production. The life of the 
plant is 7 to 10 years (Presentation & Cell, 2006). The sisal leaf shape is like a sword 
and is 1.5 to 2 meters long. For the good of sisal plant will produce about 200 leaves 
with each leaf having a mass composition of 4% fiber, 0.75% cuticle, 8% dry matter 
and 87.25% other moisture. Thus, normal sisal leaf weight is 600grams and produces 
about 1000 unit fibers (Fiber2fachion, 2013). 
2.3.1 Sisal semi-machine 
Technique to extract sisal fiber by this machine was by inserting half of the leaf into 
the machine manually as shown in Figure 2.2, then the worker will pull out the leaf 
and the fiber will produce (Goodier, 2013). After that, the worker will insert again 
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another half of the leaf into the machine. The leaf was pulled out to get the extracted 
fiber.  
 
 
Figure 2.2 : Manual machine (Goodier, 2013) 
2.3.2 Automatic machine 
For automatic machines, the leaf was placed on the conveyor then move to the 
separation device as shown in Figure 2.3. The first part, the leaves is clamped between 
the chains and pulley (Audrey, 2012), then some of the leaves were stranded of its 
fiber show in Figure 2.4. The second part, the leaves were turned towards sharpening 
machine, and the leaves were stranded for some more. After going through the fibers 
completely and cleaned, the fibers exited through the next conveyor as seen in Figure 
2.5 (Audrey, 2012). 
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Figure 2.3 : Leaves on the conveyor (Audrey, 2012) 
 
 
Figure 2.4 : Leaves were stranded  (Audrey, 2012) 
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Figure 2.5 : Fiber exit from the extractor (Audrey, 2012) 
2.4 Abaca tree 
Abaca fiber is generally used in the textile, furniture and furnishings industry. The 
fibers are widely used and regarded as the world's best cordage materials for durability 
and decomposition of salt. The fibers were also found to be more potent than the actual 
hemp and three times stronger than cotton (F. Corporation., 2013). This tree resembles 
a banana tree but the difference is the leaf if vertical, say, narrow and cramped. The 
trunk is also smaller than the banana trees (Basmajian & De Luca, 1985). Abaca fiber 
obtained from the trunk of the tree, which consists of three layers, namely the outer 
layer, the middle layer and the inner layer (F. Corporation., 2013). Lots of fiber 
obtained from the outer layer of the tree trunk, and the middle layer does not produce 
fibers(Basmajian & De Luca, 1985). 
Abaca fiber produced from the trunk where the outer layer has a high fiber 
quality. It should be separated from the middle layer is a layer which has a low fiber 
quality (Montenegro, 2011). The outer layer has been removed, will be placed on the 
conveyor and move into the machine and the process will be done automatically 
whittle as shown in Figure 2.6. 
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Figure 2.6 : Abaca decorticator (Montenegro, 2011) 
2.5 Pineapple 
Pineapple leaf fiber is one kind of fiber extracted from plants (vegetable fiber) which 
is derived from the leaves of the pineapple plant. Pineapple which also has another 
name, that Cosmosus Ananas, (including the family Bromeliaceae), in general this is 
a crop plant season (Presentation & Cell, 2006). Historically, this plant comes from 
Brazilian and brought to Indonesia by the Spanish and Portuguese sailors around 1599 
(Humphries, 2009). 
The pineapple leaf shape resembles a sword that taper at the ends with black 
and green colors on the edges of the leaves are sharp thorns. Depending on the species 
or type of plant, pineapple leaf length is between 55cm to 75cm by 3.1cm to 5.3 cm 
wide and 0.18cm thick leaves of up to 0.27cm (Hidayat, 2008). In addition pineapple 
species, spacing and distribution of sunlight will affect the growth of leaf length and 
strength properties of the resulting fiber. Distribution of sunlight is not too much 
(partly hidden) generally will produce a strong fiber, refined, and similar to silk 
(Hidayat, 2008). 
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Pineapple leaf fiber intake is generally done at the age of 1 to 1.5 years 
(Hidayat, 2008). A fiber derived from the leaves of the young pineapple generally is 
not long and strong. For fiber produced from pineapple that is too old, exposed to 
sunlight without protection will produce short fibers, coarse, and brittle (Adam & 
Yusof, 2013). Therefore, to obtain a strong fiber, soft and smooth, the selection should 
be done in pineapple leaves enough and protected from the sun (Pandey, 2005). 
Pineapple is the second highest tropical fruit commercially produced in the 
world, around 25.1 million metric tonnes. Malaysia being part of 3.3% or 448,193 
metric tonnes of the production, has the capability to become the better at producing 
more pineapple in the future (Hamid & Kassim, 2013). In Malaysia especially, two 
types of pineapple are famous for plantation are Josapine (acronym for Johor-Sarawak-
Pineapple) and Moris, which also known as Mauritius. These two types of pineapple 
leaves show different physical characteristic traits from each other. Josapine is long 
and has more width than Moris. Meanwhile Moris is thornier and the fruit is cheaper 
than Josapine (Adam & Yusof, 2013). Nonetheless, with the rising of pineapple 
plantation across the world, the pineapple leaf fibers are also being utilized for many 
purposes in different sectors of industries (Dittenber & GangaRao, 2012). 
2.5.1 Pineapple fiber extraction method 
Separation process or pineapple fiber from the leaves can be done in two ways, namely 
the manual and mechanical methods. 
2.5.2 Manual method 
The most common and effective is the manual method, the process is done by 
immersion. In this process, micro-organisms play an important role to separate or 
remove Gummy substance which surrounds the pineapple leaves and this process will 
cause fiber and decompose easily separated from each other (P Hidayat., 2008). This 
process is done by soaking the leaves of the pineapple into the water in a certain period 
of time such as a week. The next process is the process of using a plate shown in Figure 
2.7 or whittle with no sharp knife to remove the skin leaves still attached to the fiber 
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surface shown in Figure 2.8. After that, the fiber is washed with water and dried under 
the sun or using the oven. 
 
Figure 2.7 : Process using a plate (Remedios, 2007) 
 
 
Figure 2.8 : Taking out the fiber (Remedios, 2007) 
2.5.3 Mechanical method 
Pineapple leaf fiber can be extract by method of machining or its other name, 
decorticator (Hidayat, 2008). The machine has a cylinder and the cylinder can rotate 
on its axis (Leduc, 2000). On the surface of the cylinder, there are some plates or fine 
needle that will produce the beatings on a pineapple leaf when the cylinder is rotating. 
The cylinder was in turn by using an electric motor shown in Figure 2.9. 
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Figure 2.9 : Decorticator machine (Leduc, 2000)  
 
Pineapple leaf is fed into the machine and leaves will be thrown between the cylinders 
in Figure 2.10 (Weida, 2004). Beatings and the resulting withdrawal of plates found 
on the cylinder will separate the leaves of pineapple with pineapple fiber. Then the 
leaves are pulled back out of the machine. This way, pineapple fiber can be produced 
faster than conventional methods. The cylinder rotation speed, the distances between 
the plate and the feeding speed fiber pullout leaves into the machine have effects on 
the quality of pineapple fiber production (P. Hidayat, 2008). Pineapple leaves that have 
experienced the machining process are washed and dried by sun drying method.  
Table 2.3 is show specification of the machine. The advantages of this machine 
are mini shape, high output, convenient operation and it is very suitable for the farmers 
and small scale industry. 
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Table 2.3: Semi-auto pineapple leaves machine (Weida, 2004) 
Production  80 kg/h 
Motor Power 2.2kW 
Dimension (L×W×H) 600×500×1000mm 
Operation Person 1 person/ machine 
Weight 100kg 
Place of origin Taiwan 
 
 
 
Figure 2.10 : Pineapple leaf fiber extractor (Weida, 2004) 
 
The extractor machine is not only used as the equipment for fiber extraction but it can 
be used in the extraction of pineapple leaf fiber, banana leaf and other bio fiber as 
shown in Figure 2.11 . It is a semi-automatic machine used in the production of rope. 
The extractor machine is a semi-automatic machine used in the production of sisal 
rope. Table 2.4 shows specification of the machine. The advantages of this machine 
are easy operation, high efficient leaf fiber extractor and high production. 
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Figure 2.11 : Extractor machine (Weida, 2004) 
 
Table 2.4: Sisal extractor machine (Weida, 2004) 
Production  1300kg/h 
Motor Power  7.46kW 
Dimension (L×W×H)   1030×905×1360mm 
Operation Person 1 person/machine 
Weight  320kg 
Place of origin Not Disclose 
 
2.6 Chemical Method 
Besides manual and mechanical method of extraction, chemical method is one of the 
efficient ways to extract fiber from leaves. The pineapple leaf fiber is extracted through 
boiling of the leaves with sodium hydroxide, followed by bleaching with hydrogen 
peroxide solution, and mixing with Styrene Acrylic Acid (SAA) pulp filler and sizing 
agents (Adam et al., 2014).  
The major drawback of this method is that it is not time efficient as it requires 
long processing time for washing, treating with chemical solution and further drying. 
Hence, mechanical method is preferable for commercial fiber extraction process.  
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2.7 Hemp fiber 
Hemp have a long-term and have a large surface area is a factor contributing to a strong 
thread or twine when spun or twisted together (Rao & Rao, 2007). Hemp yarn is 
stronger than flax and cotton (Presentation & Cell, 2006). Hemp is not only strong, but 
it also holds its shape has one of the lowest percentages of elongation of any natural 
fibers (Humphries, 2009).  
This means that hemp does not stretch when pulled tight. Hemp is perfect as 
natural fabrics for upholstery because it can be pulled taut, and remained strong 
throughout the life of the furniture. Clothing made from hemp won’t have "puffy" 
elbow or knee when worn that are characteristic of flax linen (Sgriccia, Hawley, & 
Misra, 2008).  
Cotton has more stretch fiber that does not make it very suitable for upholstery, 
but useful to make knit fabric and clothing items such as shirts and jeans in which it is 
desirable that some stretching (Humphries, 2009). Hemp has a better ratio of specific 
heat capacity than flax and cotton, giving its superior insulating properties. This allows 
hemp warm in cold weather and cool in hot weather (Sgriccia et al., 2008). 
2.7.1 Hemp processing 
There are some traditional steps as well as technical challenges to make full use of all 
hemp. The first step is the rate of trunk strength and density. Most of the hemp 
producing countries using 100-140 kg of seeds per hectare rate that initially produces 
500-700 plants per square meter (Fabric, 2013). High seeding rate increase plant 
mortality, but short-haul produces stems with smaller diameters and high fiber content 
(Presentation & Cell, 2006). 
2.7.2 Drying method 
Drying method is used to remove the skin from the stalks. Trunk must first be "made 
by". The word is similar to the word "rot" is more descriptive of what happened. Hemp 
stalks to decompose little or "rot" in order for the skin to be removed easily from the 
stalk (NCERT, 2008). If hemp is still green, it is almost impossible to remove the skin 
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effectively. Retting can be done two ways both of which require water and bacteria 
(Presentation & Cell, 2006). There dew retting where trunk will be left in the field, and 
the moisture in the air (dew) acting on the rod to break it down like shown in Figure 
2.11 (Fabric, 2013). 
 
 
Figure 2.12 : Hemp stalks left on the field for dew-retting (Fabric, 2013) 
2.7.3 Water retting process 
Another way is water retting where the entire shaft is being collected in one place like 
in Figure 2.12 and then immersed in water for several days like in Figure 2.13. In both 
cases the bacteria in the water started to break down different parts of the hemp stalks 
at different rates (Trotman, 1975). The central part of the stalk damaged a little faster 
and started to separate from the skin. When drying is complete, the dried stem, and 
bark that can be peeled away. 
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Figure 2.13 : Hemp stalks being placed in tank (Fabric, 2013) 
 
 
Figure 2.14 : Water retting process (Fabric, 2013) 
2.7.4 Mechanical process 
Mechanical machine to remove the fiber from the stalk has been developed for flax, 
and this machine works well with hemp stalks. One drawback to this machine is hemp 
stalks should be cut as shown in Figure 2.14 to a meter long to match the height of the 
flax stems short (Fabric, 2013) shown in Figure 2.15. 
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Figure 2.15 : Dried hemp stalks being cut to 1 meter (Fabric, 2013) 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.8 Extraction process improvement 
There are several aspects that affect the extraction process like the angle of extraction 
(Naik et al., 2014), chemical use (Banik et al., 2011)and types of leaves (Adam & 
Yahya, 2016). These can improve the production rate for extraction of pineapple leaves 
fiber while affecting the integrity of the fiber quality. 
Figure 2.16 : Hemp stalks pass under a series of 
rollers to break (Fabric, 2013) 
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